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Abstract

The challenges of patterning next generation integrated circuits have driven the
semiconductor industry to look outside of traditional lithographic methods in order to continue cost
effective size scaling. The directed self-assembly (DSA) of block copolymers (BCPs) is a
nanofabrication technique used to reduce the periodicity of patterns prepared with traditional
optical methods. BCPs with large interaction parameters (xer), provide access to smaller pitches
and reduced interface widths. Larger xer is also expected to be correlated with reduced line edge
roughness (LER), a critical performance parameter in integrated circuits. One approach to
increasing Xet is blending the BCP with a phase selective additive, such as an lonic liquid (IL).
The IL does not impact the etching rates of either phase, and this enables a direct interrogation
of whether the change in interface width driven by higher xertranslates into lower LER. The effect
of the IL on the layer thickness and interface width of a BCP are examined, along with the
corresponding changes in LER in a DSA patterned sample. The results demonstrate that
increased et through additive blending will not necessarily translate to a lower LER, clarifying an

important design criterion for future material systems.

Introduction



The semiconductor industry has relied on advances in lithographic techniques to continue
reducing the size of features in integrated circuits. Extreme ultraviolet lithography (EUV) has been
projected as the replacement for 193 nm lithography, but technological and economic challenges
have delayed its wide scale implementation.? As a result the industry has sought alternative
solutions for patterning smaller features including multiple patterning steps,? nanoimprint® and the
directed self-assembly (DSA) of block copolymers (BCPs). +" DSA utilizes existing lithographic
techniques to pattern a guiding template and the BCP is assembled on the guide, amplifying the
pattern density. Polystyrene-b-poly(methyl methacrylate) (PS-b-PMMA) is the standard material
used for DSA due to its ease of assembly and significant progress has been made in developing
DSA processes using PS-b-PMMA for high volume manufacturing.® Unfortunately PS-b-PMMA
cannot be used to pattern sub-10 nm features due to its small Flory-Huggins interaction parameter
(xerr). As aresult, there is a need for materials which can pattern features with even smaller sizes
and to resolve outstanding issues such as defect density and line edge roughness (LER).8!! The
synthetic community has responded to this challenge by developing BCPs with large yer,?7?2 and
as a result there are now numerous demonstrations of DSA with sub-10 nm features.?*%
Controlling LER is proving to be more complex, as LER originates from a combination of materials
properties and processing steps, etching in particular.?® While it is anticipated that the LER will be
proportional to the interface width (wm), which is in turn proportional to xer /2, there has yet to be
clear evidence that an decrease in wn, is sufficient for a reduction in LER. In addition to developing
new BCP chemistries xer can be increased by blending BCPs with homopolymers,?’-31 small
molecules,**-% salts*¢-38 or ionic liquids (ILs).***! Using an additive with specific interactions with
one of the blocks enables an increase in xer without the challenge of developing a new chemistry.
To investigate the relationship between xer and LER we studied a blend of PS-b-PMMA with an
ionic liquid, N-butyl-N-methylpyrrolidinium bis(trifluoromethylsulfonyl)imide ([BMPR][TFSI])
(Structures shown in Figure 1). In order to quantify the impact of the IL on PS-b-PMMA wy, and
Lo were probed using resonant soft X-ray reflectivity (RSoXR) and infrared photoinduced force
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microscopy (IR-PIFM). The results from this measurement are compared to the LER of a PS-b-

PMMA/([BMPR][TFSI] blend patterned with DSA.
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Figure 1: Structure of the polymer and ionic liquid, N-butyl-N-methylpyrrolidinium

bis(trifluoromethylsulfonyl)imide ([BMPR][TFSI]), used in this study.

The DSA of BCPs utilizes a combination of chemo and grapho epitaxy to align a BCP with
an underlying pattern and reduce the periodicity. This approach has been successful for the two
major integrated circuit features, line-space patterns*®’ and contact holes.*>** The guiding
pattern is formed with optical techniques such as 193 nm or EUV lithography. In the case of line-
space patterns this generally involves etching a guiding stripe into a cross-linked polymer mat
which has preferential affinity for one of the blocks, followed by backfiling the pattern with a
random copolymer whose composition is tuned to be nearly neutral for both blocks.* The BCP is
then deposited and in some cases solvent annealing***® or a surface treatment*’*8 is used to
promote vertical orientation of the lamellae. After annealing the BCP is then used as an etch mask
to transfer the pattern into the underlying substrate. Etching will either rely on the intrinsic etch
contrast between the BCP components or can be enhanced using an infiltration synthesis.*® A

variety of BCPs have been developed which have both high xe and intrinsic etch contrast, and



there have been successful demonstrations of DSA with these materials, reaching periodicities
below 10 nm.?2*0 There are also a variety of techniques which are being developed to promote
improved kinetics and reduced defects in the self-assembly process, particularly for high xes

BCPs.51-52

Maintaining a sufficiently low LER is critically important for device performance, and as
DSA has approached process integration it is a topic that has received more attention. LER is
typically measured by taking critical dimension scanning electron microscopy (CDSEM) images
of patterned lines and evaluating the edge fluctuations. The SEM image is converted to a power
spectral density, which can be integrated to obtain a 3o.er, Which is typically the figure of merit.
In much of the literature the discussion around reducing LER is focused on either process
improvement® or increased xex.°>*® A comparison of fin field effect transistors (FinFETS)
fabricated using either PS-b-PMMA or PS-b-poly(pentamethyldisilylstyrene) (PS-b-PDSS) at 24
nm pitch resulted in a significantly lower LER for PS-b-PDSS (1.17 nm vs 2.79 nm for PS-b-
PMMA), which was the higher xe material. The PS-b-PDSS system has a significantly higher etch
contrast compared to the PS-b-PMMA system due to the silicon in the PDSS block.?? As a result
it is unclear if the origin of the improved LER was the change in x or the difference in the etching
process. Graphoepitaxial patterning of PS-b-poly(dimethylsiloxane) (PS-b-PDMS) and poly(4-
vinylpyridine)-b-PDMS (P4VP-b-PDMS) resulted in an LER of 2.41 nm and 0.98 nm. In this case
the systems are expected to have similar etch contrasts, suggesting that the higher xe« between
P4VP-b-PDMS is the driving force for the LER reduction. It is unclear how to directly compare
these results to chemoepitaxial based processes, particularly as the BCPs were cylindrical and
the confinement in the trench may impact long range fluctuations.®” To further complicate matters,
the template structure itself can impact transfer to the underlying substrate. X-ray measurements
have demonstrated that interfacial roughness varies both between lamellae on the guiding stripe

and lamellae on the neutral brush, as well as a function of distance from the surface and



substrate.!! Variations in LER between lines on different portions of the guiding template have

been experimentally observed.*®

The impact of additives on BCP structure and thermodynamics have been well
established. For systems where the additive is chemically identical to one of the components in
the system the distribution will depend on the ratio of the molecular mass between the additive
and its identical component in the BCP.>%¢ A-B/C type systems have also been explored, and in
many cases are based on hydrogen bonding interactions between the additive and one of the
blocks to promote miscibility. In this case the attractive interactions promote uniform distribution
of the additive in the resident block regardless of molecular weight.2°-3161 At low volume fractions
the C additive is uniformly distributed throughout its resident phase, as a result the block
copolymer must rearrange to accommodate the additive. The interactions will cause the BCP
chains in the mixed phase to stretch away from the interface, generally resulting in a reduction in
the area per junction (the area occupied by each chain at the interface). Similar trends have been
found for the addition of IL to BCPs. Addition of the IL to a lamellar BCP results in an increase in
L., followed by transitions to cylindrical and spherical phases at sufficiently high

concentrations.2540:62

Reflectivity measurements are a common tool for evaluation of the interface width
between two phases.®1%3-%7 |n order to be able to extract wm, or the thickness of individual layers,
there needs to be sufficient contrast between the phases. When using hard X-rays the contrast
originates through the difference in the electron density, which for organic materials is often small.
In neutron based measurements deuteration of one component can be used to alter the contrast,
but this requires synthesizing deuterated components which can be expensive and in some cases
impractical. Resonant Soft X-ray reflectivity (RSoXR) provides an opportunity to vary the contrast
in thin films by changing the incident energy in the vicinity of an atomic absorption edge. Changing

the energy in this region results in a shift in the real (6) and imaginary (8) components of the



complex refractive index (n=1-6-i8) which are related through Kramers-Kronig. The contrast (4,
A=(31-062)+(B1-B2)?) can then be tuned as a function of energy in order to enhance the signal from
specific layers or functional groups.®®"! This approach has been previously utilized to examine
blends of PS-b-PMMA with a homopolymer (poly(vinyl phenol) [PVPH]) which hydrogen bonds to
the PMMA block. By varying the contrast the distribution of PVPH was evaluated it was observed

that wm was reduced from the native value of 50 A to 41 A at a volume fraction of 0.08.

The potential of DSA using a BCP/IL blend has been previously shown, including
demonstrations that with low volumes of IL the DSA pattern can still be prepared with thermal
annealing. In order to evaluate the potential of IL/BCP blends for reducing LER in DSA we
measured the change in interface width as a function of IL volume fraction (¢i.). BCPs with and
without an IL additive were patterned using a DSA process and the LER was evaluated through

SEM measurements.

Materials and Methods

Materials: [BMPR][TFSI], PS-b-PMMA, and the polymer brushes were provided by Tokyo Ohka
Kogyo (TOK), Japan.’? Photoresist AIM5484, Orgsolv STR301 and RER600 were purchased from
JSR Micro, BASF and Fujifilm, respectively. All materials were used as received. The properties

of PS-b-PMMA are shown in Table 1.

Sample Mn (PS) Mn fes PDI Lo (nm) | Morphology
(kg/mol) (PMMA)
(kg/mol)
SM(22.9,22.9) 22.9 22.9 0.53 1.02 24.6 Lamellae
SM(30.4,27.4) 30.4 27.4 0.555 1.02 28 Lamellae
SM(39.5,37) 39.5 37 0.545 1.02 34.3 Lamellae

Parallel Lamellae: Parallel lamellae for RSOXR measurements were prepared by spin coating
solutions of SM(22.9,22.9)/[BMPR][TFSI] from 4.0-4.2 wt % solutions and a thickness of 5.5 Lo

was controlled by varying the spin coating speed. Optical microscopy was used to check the



surface for the presence of island/hole structure. The samples were annealed at 200 °C for 10

min in a nitrogen environment.

Perpendicular Lamellae: P(S-r-MMA-r-HEMA) with a PS fraction of 0.38 was spun coat from a
0.5% solution and grafted to a bare silicon wafer through a 5 min anneal at 250 °C in a nitrogen
atmosphere. The addition of an IL can change the composition window of the neutral brush which
leads to perpendicular orientation of the BCP/IL blend. Previous work has shown that this brush
composition provides a neutral substrate for the volume fractions of IL investigated in this work.?®
Excess brush was removed via a rinse yielding a 6-7 nm thick brush. SM(39.5,37) and
SM(39.5,37)/[BMPR][TFSI] blends (¢ = 10 wt %) were spun coat from a 1 % solution to target a
film thickness of 1 Lo, the samples were then annealed for 5 min at 200 °C in a nitrogen

environment.

Directed Self-Assembly: The DSA samples were fabricated on the 300 mm DSA process line in
the production cleanroom at imec, Belgium. The chemical patterns were prepared according to a
previously reported process on 300 mm Si wafers. An antireflective coating of silicon nitride (SiN)
was deposited using a chemical vapor deposition process, The deposited SiN was 13 nm thick,
and an 8 nm layer of XPS was deposited on top and crosslinked at 315 °C for 5 min. A photoresist
(AIM5484) was coated on the sample (= 95 nm thick) using a SOKUDO DUO track and exposed
with an ASML 1950 immersion scanner, then developed to yield line-space patters with pitches
ranging between 78 nm and 86 nm. Oxygen plasma etch was used to trim the lines and remove
unprotected XPS, residual photoresist was stripped with Orgasolv STR301 on a TEL ACT12 track.
The pattern was backfilled with P(S-r-MMA-r-HEMA) and annealed for 5 min at 250 °C under
nitrogen. The ungrafted brush was removed and the BCP or BCP/[BMPR][TFSI] was spun coat
onto the pattern and annealed for 30 min at 215 °C in a nitrogen environment. PMMA domains
were removed using dry etching on a TEL TACTRAS etcher. Hitachi High-Tech CG-5000 was

used to capture multiple rectangular scans (0.45 by 2.25 ym?) of DSA samples post PMMA



removal. LER analysis was performed with LER DEMO software licensed from Demokritos

National Center of Scientific Research.

Infrared Photoinduced Force Microscopy (IR-PIFM): A Vistascope (Molecular Vista Inc.) was
coupled to a LaserTune QCL. The microscope was operated in dynamic mode using NCH-Au

300 kHz noncontact cantilevers from Nanosensors.

RSoXR: Resonant soft X-ray reflectivity measurements were conducted at beamline 6.3.2 at the
Advanced Light Source at Lawrence Berkeley National Laboratory. Measurements at the carbon
edge were conducted with a 600 mm* grating and Ti filter. The low q data was collected with a
photodiode and combined with high q data obtained from a Channeltron. The data was fit using
the Reflld software, using the directed evolution Monte-Carlo Markov Chain algorithm (MCMC).”®
Uncertainties were calculated from the population distribution sampled by the MCMC algorithm,
the results presented here represent the 95% confidence intervals. The model includes the
underlying silicon and silicon oxide layers. The model constrained all full period layers of PS and
PMMAVIL to have equal thickness, and the top/bottom layers to be equal to ¥ the full period layer
thickness. wn is calculated according to Equation 1 by fitting the interface width using an error

function of width o.

wy = oV2rm Q)

Results and Discussion

In order to provide initial verification that the [BMPR][TFSI] is located primarily in the
PMMA domain IR-PIFM was used to visualize the distribution of the additive. IR-PIFM uses IR
absorption of individual components to shift the topological and mechanical properties of the film,
enabling direct chemical mapping.’ Imaging over the same area is conducted using a series of
different wavelengths, each targeting an IR absorption band for different components in the film.
PS and PMMA were targeted at 1493 cm™ and 1733 cm™, respectively, while [BMPR][TFSI] was
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targeted at 1057 cm, using the IR spectra shown in the supporting information (SI). Vertical
lamellae of native SM(39.5,37) and a blend of SM(39.5,37) with a weight fraction of 10 %
[BMPR][TFSI] were prepared and imaged. This molecular weight was used so that the two phases
could be clearly resolved in the measurement. Figure 2A shows the image of the native
SM(39.5,37) taken using IR at 1057 cm™ (sensitive to the [BMPR][TFSI]), showing no distinct
topology. The images of the SM(39.5,37)/[BMPR][TSFI] blend showing a matching behavior at
the PMMA and [BMPS][TFSI] wavelengths, while the phase inverts for PS. This result is

consistent with the presence of [BMPS][TFSI] in the PMMA phase.
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Figure 2: IR-PIFM images of a) SM (39.5, 37) at 1057 cm; b) SM (39.5, 37) and [BMPR][TFSI]
blends at 1057 cm; ¢) 1493 cm?; and d) 1733 cm. Wavenumbers of 1057 cm™, 1493 cm™ and
1733 cm correspond to the adsorption peaks of IL, PS and PMMA respectively.



RSoXR measurements were conducted near the carbon edge (280 eV) on SM(22.9,22.9)
and SM(22.9,22.9)/[BMPR][TFSI] blends with [BMPR][TFSI] volume fractions ranging from ¢ =0
- 0.10, the results of these measurements are shown in Figure 3. The BCPs were oriented parallel
to the substrate at a thickness of 5.5 Lo. Polystyrene has a peak in the absorption spectra at =
285 eV, conducting the measurement below the edge takes advantage of the shift in é without an
accompanying increase in 8 which occurs closer to the edge. The absorption peak for the carbonyl
in PMMA takes place closer to 289 eV, as a result the shift in 6 for PMMA will be less pronounced
at lower energies. 280 eV was therefore chosen as the measurement energy near the carbon
edge in order to provide contrast while minimizing beam damage. The reflectivity curves show a
multilayer signature, with high frequency fringes corresponding to the total film thickness and long-
range modulations of those fringes indicated by the arrows, which correspond to the BCP
periodicity. The rate of decay of those modulations is a function of wm, with more rapid decay
occurring for wider interfaces. Upon addition of the [BMPR][TFSI] the q spacing between the
modulations decreases, corresponding to an increasing Lo. The low frequency modulations
persist further into g with increasing ionic liquid concentration, this is particularly noticeable for ¢
> 0.06, where the 4" order peak becomes more pronounced, and at ¢, = 0.08 the fifth order peak
becomes visible. This indicates a significant reduction in wy with the addition of larger volume
fractions of IL. The composition profiles used to fit the data are shown in the Sl. As shown by the
IR-PIFM measurements the [BMPR][TFSI] segregates to the PMMA layer and is uniformly
distributed (models were used to check for the accumulation of [BMPR][TFSI] at the center of the
PMMA layer and resulted in significantly worse fits compared to the uniform distribution model,

also shown in SI).
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Figure 3: RSoXR measurements conducted at 280 eV for PS-b-PMMA/[BMPR][TFSI] blends with
¢ ranging from 0 - 0.10 (labeled on the right side). Experimental data is shown with red circles
(o) and the simulated best fit shown in solid lines. The multilayer peak locations are indicated with
arrows. Curves are vertically shifted arbitrarily for visual clarity.

The change in periodicity for each blend series is shown in Figure 4 (4A shows the
absolute change in both the PS and PMMA layer thickness, 4B shows the relative change). One
of the advantages of examining the BCP multilayers with reflectivity is that the individual layer
thicknesses can be reliably determined. The PMMA layer shows a continuous expansion as a
function of ¢. The PS layer also expands, faster for ¢ < 0.06 and slower for higher
concentrations. This indicates that the IL causes the PMMA chains to stretch away from the
interface, resulting in a reduction in the area/junction (shown in the Sl). This forces the PS chains
to stretch in order to accommodate this rearrangement, which results in the increased layer
thickness in spite of the lack of IL in the PS phase. The change in the rate of expansion suggests

that the reduction in the area/junction slows with the addition of larger volume fractions of the IL,
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where the swelling in the lateral direction (relative to the interface) may begin to compete with the
chain stretching in the perpendicular direction. This is consistent with previous measurements of
AB/C blends where this type of structural change is observed.3®3! Both experiment and theory
have previously determined that Lo ~¢,* (¢, is the volume fraction of BCP), where a acts as a
measure of solvent selectivity, with more selective solvents resulting in more negative values of
a. Fitting this function to the Lo vs ¢ curves results in a =-1.50. This is consistent with previous

blends of PS-b-PMMA and [EMIM]-[TFSI], which found a~1.6 in the limit of large N.5?
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Figure 4: Change in total period and thickness of individual layers as a function of of ¢
Changes are presented on both an absolute scale (A) and relative to the native BCP (B). Error
bars are smaller than the symbols in all cases.
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The measured wn is shown in Figure 5A, along with a comparison with literature values of
PS-b-PMMA/poly(vinyl phenol) (PVPH) blends.®* The PS-b-PMMA/[BMPR][TFSI] series shows a
rapid initial decrease in wm, falling below 35 A at ¢, = 0.04, this is equivalent to the interface
width for PS-b-P2VP. wy, continues to decrease with added [BMPR][TFSI], although the majority
of the change occurs below ¢, = 0.06, above this value the change in wy, slows considerably. For
comparison this is a much larger change than for blends of PS-b-PMMA with PVPH, where the
PVPH only reduces the interface width to 41 A at an additive volume fraction of 0.08. From wi,
the xerr between PS and PMMA/[BMPR][TFSI] can be estimated according to Eqs 2-4. In the limit
of infinitely long chains the interface width (w-) is a function of the statistical segment length (a)
and xer. This value is then corrected for finite chain length (wr, Equation 3) and capillary wave
fluctuations (we, Equation 4).5”7> From this estimation PS-b-PMMA/[BMPR][TFSI] reaches yer =
0.134 at ¢, =0.1, well above what is achieved with the PS-b-PMMA/PVPH blend (xe = 0.056 at
a volume fraction of 0.08). The origin of the difference between the two types of additives is not
immediately clear. It is also known that only a fraction of the monomers of PVPH participate in
hydrogen bonding, possible due to conformation restrictions, which could weaken the impact.3!
The IL is free of such restrictions and can configure as needed to minimize the free energy of the
system. Similar shifts in xer to the IL blends have been achieved between bilayers of PS and
PMMA/PVPH, but require PVPH volume fractions of upwards of 0.3, which would drive an order-
order transition to a cylindrical phase in a BCP. From these results it is clear the IL has significant

advantages over the homopolymer additive in terms of the magnitude of the change in the wn

and Yefr.
2a
Woo = Jexefr )
-1/3
Wg = Wy [1 + 1.34()(effN) / ] 3)

e )| @)

Wp = [WFZ +
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Figure 5: Change in interface width (A) and xett (B) as a function of ¢,.. Additionally literature data
on blends of poly(vinyl phenol) (PVPH) with a similar PS-b-PMMA to the one used in this study is

included for comparison (¢).5!
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A potentially useful metric in evaluating a system for DSA is the ratio of wm to Lo, which
describes how much of the BCP is composed of the interface region. In Figure 6 ww/Lois plotted
as a function of xe«N along with results from a series of BCPs with xetr ranging from = 0.045 —
0.25.%7 This series is shifted to slightly lower wm/Lo compared to the native BCPs measured in the
previous study, but the scaling relationship (wm/Lo ~ (xefN)“) follows a similar power law
dependence, where w = -0.6 a nearly identical to the previous data (w = -2/3 for xe#N > 35). In
this system the reduction in wn significantly outpaces Lo growth, resulting in interface fractions

that are comparable to BCPs with much higher native es.
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Figure 6: ww/Lo as a function of xe«N for the IL/PS-b-PMMA blends, along with values from the
literature for a series of BCPs, PS-b-poly(trimethylsilylstyrene) (PS-b-PTMSS), PS-b-PDSS,
poly(4-methoxystyrene)-b-PDSS (PMOST-b-PDSS), PMOST-b-PTMSS and poly(5-vinyl-1,3-
benzodioxole)-b-PDSS (PVBD-b-PDSS).%’

An increase in Xert iS expected to result in a reduction in LER for BCPs patterned in line-
space arrays via the DSA process. The previous studies that have examined this hypothesis
utilized systems where one of the components consisted of a silicon containing polymer, and as
a result there was significant difference in the etch resistance between the two components and

the contributions from xett could not be isolated. To test whether a change in xet alone was
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sufficient to reduce LER we prepared a DSA patterns and assembled three different BCP systems
on the same template. The BCPs included SM(22.9,22.9), SM(30.4,27.4) and
SM(22.9,22.9)/[BMPR][TFSI] at ¢y = 0.08, this series was chosen in order to compare the blended
sample both to its native BCP and to a PS-b-PMMA system with nearly equal pitch. The IL volume
fraction was chosen so that the Lo of the BCP blend would be commensurate with the pitch of the
template pattern. Significant deviations of the BCP L, from the template pattern are known to
influence LER.”®The resulting patterns were measured with CDSEM after PMMA was removed
and representative images are shown in Figure 7A, with the corresponding power spectral density
(PSD) curves shown in Figure 7B. The curves show little change between the three samples, with
only a slight reduction in the low frequency roughness for the blended samples. The area under
the PSD curve can be converted to 30.er, Which was found to be 2.88 nm for SM(22.9,22.9), 2.76
nm for SM(30.4,27.4) and 2.67 nm for SM(22.9,22.9)/[BMPR][TFSI]. 30.er and normalized 30er
(3oLer/Lo) are shown in the inset as a function of xesN. These results show that in spite of the
significant change in xer and wyn when [BMPR][TFSI] is added to PS-b-PMMA this results in only

a small change in LER.

This result stands in contrast to the high xer polymers that were discussed previously,
where the increase in yer leads to a reduction in LER.%>® There are two potential origins of the
divergence in these results. The first possibility is that the presence of the additive prevents the
LER reduction. Modeling shown in the SI shows that the IL is uniformly distributed throughout the
PMMA block, reducing the possibility that this is caused by heterogeneities in the IL distribution.
The IL will also impact the properties of the PMMA block, such as the glass transition temperature
(Ty) and segmental mobility. Changes in the mechanical properties of the polymer driven by these
shifts could be a contributing factor. Studies of PMMA blended with 1-ethyl-3-methylimidazolium
bis(trifluoromethylsulfonyl)imide show reduced T4 and a shift in the mechanical response towards

more liquid-like behavior.”” The other possibility is that the increase in yeralone is insufficient to
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change the LER and that it must be coupled with a higher etch contrast. In every case where the
change in xerrled to reduced LER the etch contrast was enhanced by the presence of silicon in
one of the blocks. This suggests that a more promising design strategy for high e« systems is to

focus on materials with larger intrinsic etch contrast.
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Figure 7. A) Top-down SEM images in rectangular scan (0.45 um by 2.25 um area) of directed
self-assembly of SM (22.9, 22.9), SM (30.4, 27.4) and SM (22.9, 22.9)/[BMPR][TFSI] (¢. = 0.08)
blends; and B) corresponding PSD curves. The inset shows the 30.er and normalized 30.er (t0
Lo) as a function of the calculated x.«N value for the above three materials (a: SM (22.9, 22.9), b:
SM (20.4,27.4), c: SM (22.9, 22.9)/[BMPR][TFSI]). 50 rectangular scans were analyzed for the
PSD results. PMMA domains were removed for the measurements of line roughness.
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Conclusions

Blending additives is a promising strategy to produce higher Xett Systems, but as shown
here the change in xer may not lead to lower LER in a DSA patterned system. Adding
([BMPR][TFSI]) to PS-b-PMMA resulted in reduced interface widths in parallel lamellae as a result
of the increase in xerr. This result was directly related to changes in LER between PS-b-PMMA
and a PS-b-PMMA/[BMPR][TFSI] blend, where negligible changes in LER were observed upon
removal of the PMMAV/IL block. This contrasts with previous results which interrogated DSA
patterned BCP systems which had a higher native etch contrast. These results show that both
increased etch contrast and xer will likely be necessary to reduce LER to levels required for
optimum device performance, particularly in the case of sub-10 nm periodicities. To better
understand this result companion experiments could be performed on all-organic high yes
polymers, using sequential infiltration synthesis to control the etch contrast between the BCP
components. This type of experiment would complement the results of this study by better

guantifying the relationship between etch contrast and LER.
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